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METHOD AND APPARATUS FOR THERMO-ELECTRIC COOLING 



BACKGROUND OF THE INVENTION 

[001] A die, e.g., a semiconductor die, may produce heat during its operation. The heat 
may be produced by an active side of the die. A cooling device may be used to reduce the 
temperature of the die during operation, e.g., such that the temperature of the die does not 
exceed a pre-defined maximum temperature limit. 

[002] Conventional cooling devices, for example, a heat sink in contact with a back side 
of the die and cooled, e.g., by a fan, may be used to reduce the temperature of the active 
side by removing heat from the backside of the die. In such devices, the location in which 
the heat is removed, e.g. the backside, is different than the location in which the heat is 
produced, e.g., the active side. Thus, due to the thermal resistance of the die and/or of any 
other material layers which may be located between the die and the heat sink, e.g., a 
Thermal insulating Material (TIM) and/or an Integral Heat Spreader (IHS), the cooling 
device located on the backside of the die may not efficiently remove the heat produced by 
the active side. As a result, the temperature of the active side may be higher than ambient 
temperature. 

[003] Some cooling devices implement a Thermo-Electric Converter (TEC) located 
relatively close to the active side of the die, e.g., connected to the die or to a substrate 
connected to the die, which is connected to the active side of the die. The TEC may have 
a cold section and a hot section. The cold section may absorb the heat produced by the 
active side of the die and the hot section may release the heat. However, the heat released 
by the hot section may increase the heat of the cold section, since both sections are 
located either in the substrate or in the die, which have a relatively low thermal 
resistance. Thus, these devices may not effectively remove the heat produced by the 
active side. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[004] The subject matter regarded as the invention is particularly pointed out and 
distinctly claimed in the concluding portion of the specification. The invention, however, 
both as to organization and method of operation, together with features and advantages 
thereof, may best be understood by reference to the following detailed description when 
read with the accompanying drawings in which: 

[005] Fig. 1 is a schematic illustration of a computer system in accordance with some 
exemplary embodiments of the present invention; and 

[006] Fig. 2 is a schematic illustration of a cutaway view of a semiconductor device 
package in accordance with some exemplary embodiments of the present invention. 
[007] It will be appreciated that for simplicity and clarity of illustration, elements shown 
in the figures have not necessarily been drawn to scale. For example, the dimensions of 
some of the elements may be exaggerated relative to other elements for clarity. Further, 
where considered appropriate, reference numerals may be repeated among the figures to 
indicate corresponding or analogous elements. 
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DETAILED DESCRIPTION OF THE INVENTION 

[008] In the following detailed description, numerous specific details are set forth in 
order to provide a thorough understanding of the invention. However it will be 
understood by those of ordinary skill in the art that the present invention may be 
practiced without these specific details. In other instances, well-known methods, 
procedures, components and circuits have not been described in detail so as not to 
obscure the present invention. 

[009] Reference is made to Fig. 1, which schematically illustrates a computer system 10 
according to some exemplary embodiments of the present invention. 
[0010] According to some exemplary embodiments, system 10 may include one or more 
memories 12, such as, for example, random access memories (RAMs), dynamic random 
access memories (DRAMs), read only memories (ROMs), and/or other memories, one or 
more processors 14, such as, for example, CPUs or other processors, and other units such 
as, for example, one or more input/output (I/O) units 16, one or more mass storage units 
18 such as, for example, hard disk drives, compact disk drives, floppy disk drives, or 
other mass storage units, and possibly other units, as are known in the art. One or more of 
units 12, 14, 16 and/or 18 may include one or more semiconductor device, e.g., chip, 
packages 20, as described in detail below. Packages 20 may perform various functions, as 
is known in the art for packaged devices or integrated circuits, such as, for example, 
processing, calculating, I/O, storage or detecting. According to some embodiments, 
system 10 may include one or more devices which may not include a semiconductor 
packge. 

[0011] Reference is made to Fig. 2, which schematically illustrates a cutaway view of a 
semiconductor device package 200 in accordance with some exemplary embodiments of 
the present invention. 

[0012] According to some embodiments of the invention, package 200 may include a die 
202, which may be a semiconductor die. Die 202 may be adapted to perform functionality 
of, for example, processing, calculating, I/O operations, memory or data storage, the 
detection of substances, electromagnetic radiation or other phenomena, as are known in 
the art. Die 202 may include electronic components such as, for example, transistors, and 
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may be fabricated using, for example, silicon and/or other substances. For example, die 
202 may form part of a processor, a central processing unit (CPU), a memory, I/O unit, a 
detector, a transmitter, a signal processor, or a math co-processor. Die 202 may perform 
other functions or be part of other units. More than one die may be included in a package, 
as is known in the art. Die 202 may have an active side 224, which may include one or 
more semiconductor circuits, as is known in the art. 

[0013] According to some exemplary embodiments, a set 228 of contacts 204, referred to 
herein as "bumps", may connect between one or more of the circuits of active side 224 
and a substrate 222. For, example, bumps 204 may be formed of a suitable electrical 
conductive material, e.g., copper, or a solder, as is known in the art. For example, 
substrate 222 may be adapted to electrically connect between die 202 and a motherboard 
(not shown), as is known in the art. Substrate 222 may be formed of an electric insulating 
material, e.g., a Poly-phenylene Ether (PPE) resin, and may include one or more 
electrical connections, as is known in the art. 

[00 14] According to embodiments of the invention, package 200 may also include an 
integrated Thermo-Electric Converter (TEC) configuration 206 to directly modify the 
temperature of one or more areas of active side 224, as described below. Configuration 
206 may include a first TEC section 207 embedded in die 202, e.g., on active side 224, 
and a second TEC section 209 embedded in substrate 222, as described below. 
Configuration 206 may also include a set 226 of contacts, e.g., bumps, 205 connecting 
section 207 to section 209, as described below. 

[0015] According to embodiments of the invention, section 209 may include a negative 
terminal 216, a positive terminal 218, a plurality of hot conductive elements 212 and a 
plurality of P-type TEC elements 210 and N-type elements 208 embedded in substrate 
222, as described below. Elements 212 may be formed of conductive material, as is 
known in the art, such as, for example, copper. Elements 208 may include any suitable 
N-type elements, i.e., elements having negative charge carriers (electrons), as are known 
in the art, for example, elements 208 may include semiconductors, e.g., formed of Bi 2 Te 3 
with Selenium. Elements 210 may include any suitable P-type elements, i.e., elements 
having positive charge carriers (holes), as are known in the art, for example, elements 
210 may include semiconductors, e.g., formed of Bi2Te3 with Antimony. According to 
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some exemplary embodiments, elements 210 and 208 may have a width of between 1pm 
and 5000 pm, for example, 200pm; a length of between 1pm and 5000 pm, for example, 
200pm; and a height of between 10 pm and 5000pm, for example, 500pm. Elements 208, 
210 and 212 may be electrically separated from the electrical connections embedded in 
substrate 222, e.g., by the insulating material of the substrate, and/or by a thin electrical 
insulating layer (not shown), which may be formed of, for example, a PPE resin, a BT 
resin, as are known in the art, or any other suitable electrically insulating material. 
[00 16] According to embodiments of the invention, section 207 may include a plurality 
of hot conductive elements 214 embedded in die 202, e.g. on active side 224. Elements 
214 may be formed of conductive material, as is known in the art, such as, for example, 
copper. Elements 214 may be electrically separated from circuits of die 202 by a thin 
electrical insulating layer (not shown), which may be formed of, for example, SiN, Si02 s 
or any other suitable electrically insulating material. 

[0017] According to embodiments of the invention bumps 205 may be adapted to transfer 
electrical power from elements 208 or 210 to elements 214, as described below. For, 
example, bumps 205 may be formed of a suitable electrical conductive material, e.g., 
copper, or a solder. 

[001 8] It may be appreciated by those skilled in the art that, according to some 
embodiments of the invention, bumps 204 and 205 may have a similar structure and/or 
may be formed of similar material. According to some of these embodiments, bumps 204 
and 205 may be part of one bump array connected to active side 224, such that bumps 
205 are electrically isolated from the circuits of active side 224. 

[00 19] According to some exemplary embodiments, TEC configuration 206 may also 
include diffusion barrier layers (not shown) separating elements 208 and 210 from 
elements 212 and from bumps 205. Hie diffusion barrier layers may be formed of any 
suitable material, e.g., Ti, Cr or NiV, to prevent diffusion of elements 208 and/or 
elements 210 into elements 212 and/or bumps 205. 

[0020] According to exemplary embodiments of the invention, elements 208, 210, 212 
and 214, and bumps 205 may be connected, e.g., in a cc N-type — bump — top conductor — 
bump- P-type - bottom conductor" order, to form a continuous electrical connection 
between terminal 216 and terminal 218. Elements 208 and 210 may be arranged 



5 



Attorney Docket No.: P-6 1 1 8-US 



intermittently, such that each element 212 is associated with one P-type element 210 and 
one N-type element 208, and each element 214 is associated, via bumps 205, with one 
P-type element 210 and one N-type element 208. According to some exemplary 
embodiments, terminals 216 and 218 may be electrically connected, e.g., by silicon vias 
or wires as are known in the art, to one or more of bumps 204 which may provide power 
to the circuits of active side 224 such that electrical power may be transferred to TEC 
configuration 206. According to other exemplary embodiments, terminals 216 and 218 
may be electrically connected, e.g., by silicon-vias or wires as are known in the art, to an 
outer power supply. 

[0021] According to some embodiments of the invention, TEC configuration 206 may be 
implemented as a Peltier device, as is known in the art. Thus, TEC configuration 206 may 
be implemented as a cooler, i.e., heat may be absorbed from active side 224 by cold 
elements 214 and released by hot elements 212, when terminal 216 is associated with a 
negative voltage potential, and terminal 218 is associated with a positive voltage 
potential. Thus, TEC configuration 206 may be implemented to directly modify the 
temperature of one or more areas of active side 224, since cold elements 214 are located 
on active side 224 or relatively close to active side 224. For example, the location of 
configuration 206 may be predetermined according to an area of active side 204 which 
may produce a relatively high temperature ("hot spots"). 

[0022] According to some exemplary embodiments of the invention, package 200 may be 
connected to an external heat sink 220, as is known in the art. The heat released by 
elements 212 may be conveyed by heat sink 220 from substrate 222 to the environment. 
It may be appreciated by those skilled in the art that other suitable methods to remove 
from substrate 222 the heat released from elements 212. For example, a heat sink may be 
implemented to convey the heat to the mother-board (not shown), which may be 
connected to substrate 222, as is known in the art. 

[0023] It will be appreciated by those skilled in the art that the heat released by hot 
elements 212 may substantially not affect the temperature of cold elements 214, since hot 
elements 212 are embedded in substrate 222 and cold elements 214 are embedded in die 
202. Furthermore, TEC configuration 206 may efficiently remove heat produced by 
active side 224 or desired areas thereof, since elements 214 are iocated on the active side 
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or relatively close to the active side. Thus, it will be appreciated by those skilled in the art 
that the TEC configuration according to embodiments of the invention, may be 
implemented to reduce the temperature of an active side of a die or of desired portions of 
the active side more efficiently in comparison to other cooling devices known in the art. 
For example, the TEC configuration according to embodiments of the invention may be 
implemented to reduce the temperature of the active side to a temperature equal to or 
lower than ambient temperature. 

[0024] While certain features of the invention have been illustrated and described herein, 
many modifications, substitutions, changes, and equivalents may occur to those of 
ordinary skill in the art. It is, therefore, to be understood that the appended claims are 
intended to cover all such modifications and changes as fall within the true spirit of the 
invention. 
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